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Abstract

Yellow soil is the main soil type supporting agricultural production in Guizhou Province. Special
Karst geological conditions and abundant rainfall in Guizhou Province cause soil nutrients intense
leaching, and water pollution. Biochar can be used to improve soil environments and to control
nutrient leaching. However, effects of biochar on nitrogen and phosphorus nutrients and leaching
in yellow soil remain unclear. We used soil columns containing 0 kg/m? (B0), 2 kg/m? (B2), 4
kg/m?2 (B4) and 6 kg/m? (B6) biochar to simulate the nitrogen and phosphorus leaching at labor-
atory and tested total nitrogen, total phosphorus, NO;-N and NH;-N in leachate and soil nu-
trient contents in soils. The results showed that soil pH, total nitrogen, total phosphorus, available
nitrogen and available phosphorus increased with the increasing of biochar addition. The addition
of biochar resulted in the reduction of loss of water. Under the application of 2 kg/m?2, 4 kg/m?, 6
kg/m?2 biochar to soils, the leachate volume decreased by 0.3%, 1.5% and 2.0% than those without
adding biochar to soils, respectively. Under the same fertilization conditions, the addition of bio-

char significantly reduced TP, TN, NO;-N and NH,-N in leachate from soil columns than those

without addition. The addition of 2 kg/m2 biochar to soils was optimum. In general, applying bio-
char into yellow soil can improve soils and effectively reduce the loss of soil nutrients, and there is

the most suitable biochar additions to achieve the TP, TN, NO,-N, NH,-N leaching control.
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6 kg/m? (B6) 4N /KFAEYR, B 4N EEX T 355 7 8 B RS B B & B 8%. NO;-N Rl NH; -N
WREFN . SRR LBRNEYMRE, LEpH. 8. 28 . EREMENBE S BHEE LW R
DB R TR BINAEYDR AR T KR, N2 kg/m2,. 4 kg/m2. 6 kg/m?2=A7KF
YR SE IR () R IE AR A LR R I B T 0.3%- 1.5%- 2.0%; FEHIEXMT, Wik
YIRS RFIMA L, HEFERKRT HEKBBETP. TN, NO;-N. NH;-N K EHMKE, HMU2
kg/m2b B ERRUR BT . 45 E, BB mMAY R B S LIRAE Mg LSRR, Kb E
—MEREENEYRFMBLZIITP. TN. NO;-N. NH;-N#HRIEHIER R IFHRE.
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BB REDER EKRKELHNEFRIGER, MEYAEKSCEREE BEEH . NRIEEYEK.
fmrreE, RERERALE, Hd, JEEHED SER= 02—, NERE-HHKRENL]. BT
] K 22 B X A b 7 sULC ORI, AERHRIH 24K, R4 IS 97 0 = B A R AR i Al LI e 4 i
AT N KR, 3 K AR B S FRAC R R KI5 Yo Qi SRS s> 3 FR itk ok . R IR R R
2 N T DA GV (14 1]

B EAREAM R A, LI L, AT 1 41458 BB IR AT (ARG 0 A o o b SR80 40 A THI AR
%, ARG BRI AR, A E TR 25.3%, &St AR BRI, 7R BN AR AE
PR AR (2] (HEEEEm RS LIRS K. TR RIERE KBRS E, AR JIKCPR. FIRY, 5t
A AL T R B AR R R 2R R, e L Ry e SR R R <. R RS, 8 IR = SRRk
(1 LKA S EETM A K LR ™ B ARE 2002 4ok 4 [ 55 — oK L R I O A, 5 MK LR R AR
% 7.31 x 10° km?, 4 L HUT AR 42.0% [3], K LR IE B BESR O KBS, IR R R, AR
SRR, TRZRBTIR,  EH o TR AR TR S vl AR R SR H
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IEEESR, A=W (biochar) F i+ 48 2 BRI LI IR 70 R AR FRRIT S H 2538 2 o AW el PR SR A M s R
fir s, BAFLBRAR . BRI R b s 22 S8 HFPE[4] o BB o+ 208 R fRfr
SRNE 1 S g b 37 0 R RAT 2B ROR, A0 TR AR FH S I SR A SRS AT ] B B o RENS 10 38R
e, S R & R 5], AEVEIR LR INAE T A R R N R A G R A A A
i, REEER LSRR P SRS R6]. HAT, YR SO SR B BN S B T
b, A7) FET U, AHTTT USSR TN 5, SR AR L, B TEAN R AR n
X EAETR O R IR AR SR BB SRS R, VAR R SN EIR, &
B A AR L RO RS AP AR A -

2. MRS
2.1, AR

PR R [ SR R FE AR LR IR Z(0~20 cm)t3E, 3RO, HAMCA: pH |
5.08, 4% 1.68 g/kg, 4= 0.97 g/kg, EZLME 20.2 mg/kg, HZE 86.8 mg/kg. HF 7T HTH A K Tk
FHBEZR AN TREH PR A A, LAiRg 5 N kL 450 CHAZLMRFT1S, pH 1 7.86, 15 % 2 45.59%, 4% 7.59 g/kg,
A% 1.09 g/kg. RIGHTFHAEELNRZE . D BERRAS AL E, HA. 8. B S E0500N 46%. 18%. 60%.

2.2. KBRS

EELP4E 10 em, =5 30 cm [ PE B NRIRIG 2L B, PRSI R MR, =2
JEA, FH)2 3 em B. KRN 1~2 mm 4 2.0 mol/LH,SO, IR . 3 FH 28 MK e i T A e
RGP R P Z 848, B W EEIR TR — 2 AR LR D E ARG, B Ja ke A A B 42 R
TR EAE NS, LRI SRR B EIRAR AR K I R o R 2 R RS

2.3, At

RIGBE 4 AR, KT R 3 AEE. KA T HARES N 1500 g, 4 MKCTHIEDIR
FAE 43 518: BO(0 kg/m?). B2 (2 kg/m?). B4 (4 kg/m?). B6 (6 kg/m?), EIAEMISRAINES 58 0. 13.35
9. 26679, 14019, IERHEMIIVRE 04087 g, JTHMFS 0.6833 g, FUILH 00763 g (%1 THi R 240
kg/hm?, Jififi & 105 kg/hm?, Jiti#H & 60 kg/hm?). HR4EAHE T 2, $HEEEE T4 PR DR IERHR &
5, IMANESEE

TSRS, JTA6 5 RN, BERMIZMKEIEEN 78.5 ml, Jr&FEREY 10 mm, iEJEEHE L
SRS RN, LA AR s SAJE RERG 6 AL 1 YK 157 mil (T 4RI R 20 mm), 3% 3 0K
2 JFAEN 10 KIE/K 17K 235.5 ml (FF & KRk 30 mm), 3% 3 Vs AR R 10 KR 4K 314 mi (3 2 M
40 mm). it 63 Ko 156 R AR S R ST T AER X 2015 4E 7 H 2 8 A KT XIREm&E. X
VR SITARATR , IRIEIRRL, R RBE BRI A SO i
AURERA SR 34 S 3 pH.

2.4. MEIKR. HFEEBUIRDH

MR R A S RS R A BN B B 20 0l SR FH B o A RV A SR A B R I R
BV AR EH R o YR . AN JE VARG FGR A / G BEVE E ,  IRBE 45 o E AT BILIK
ERE. BTG, BURY BOE. BERESN - B DT CRIE HE pH B, &% . A
. BT RIS R SPSS18.0 BT IR R T ZE . 2 E LWECR A B/ i % 7 75(LSD),
B KPR E N 0.05,  office2007 1EA
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3. RS54
3.1 AREYRFMEN TEFSSENRI

M L AT RAE H, RIS G B LI R I N EI e, (H& A0 BE LI pH [EASE RN, B2, B4
A1 B6 -3 pH {H Lk BO 4374 1 0.13. 0.20. 0.24 ¥y, H B0 5 B4 1B ZRE%E, 5B2 %R
RN, 3 pH [EREAY R SIS, XEHTEMRATEE Ca®'. K. Mg S5 H 1,
BENFIE LU S & — E R HIR, A b i HORT ALY, AT PR LR B, 2 v b S A A0 38 - 8
T3 pH E[8]. . Z0nESE N A B SRR H 3R A I 5T AR B R T, RS0
PEL ) pH 35 T 0.1~0.2 [5]. [FFE, IG5 VRIS s 7 LI, 2R H A RE
B i, FLRE A M VS I A B NI 488 I, 224 A A it FH B 2 kg/m? (B2)R, 33 rh g A A
MR BRI T, ESARHEAY R R AR, ARG A 4 kg/m® (B4)FI 6 kg/m” (B6)LL
BO Z 5 3. HILIX —&5 BB 7R EYIR A S BAABGE TR0 A KA, AR E TR 03 IR E
FEARE B SRR AEAIR 1 LE R EARA K, M 3585 T AP 2 R es 1, e m] LAMR BRI WL 1
N4 fo 3% 0 (R R 25 9]

3.2. REEMRANEN RHEREROE R

WIS A BT T 7 YO, BT IIMVE Ry 1884 ml, 415% 2 AR BO % R R
Ty 1271 ml, HERIET) 67%, REASAEER 1) i 24 B A AA R B /N BRI B6 < B4 < B2 < BO,
B2, B4, B6 [ RFME BRI AL BO 4 FH)k/D T 0.3%, 1.5%, 2.0%. B2, B4 5 BO ML ZERAL
%, B6 5 B0 ZEFRE. HULATAL, IINAEY)RBESG N TR RE K, FRARAK A ks I INAE R 1)
W Z IR KRR, WORR IR . X S AEYIRINEAE O, AYRILEE 2, BILBOK, f
BRI B 2 (K Ay, AR NN A L3 B BRI FLBA R, BEARFFIZ K 43

Table 1. The chemical property and nutrient content of soil in different treatments

# 1 REEELELREAUFEMERMF I IEMAER

Ab3E PH 2% alkg ATglkg A& mg/kg JH A mg/kg
BO 5.70a 1.58a 0.74a 84.35a 21.8%
B2 5.83ab 1.62ab 0.80ab 85.87a 27.75b
B4 5.90bc 1.67bc 0.90bc 105.47b 30.07c
B6 5.94c 1.71c 1.03c 107.80b 30.57¢

1 NFFRRIRTE P<0.05 KF FAFEREEZR .

Table 2. Cumulative water leaching volume in different treatments
= 2. NEICET 4 RIRHE R ETR

SR RAR ()

AbFE
11d 17d 23d 33d 43d 53d 63d
BO 131.67a 262.00a 386.67a 577.00a 777.33a 982.00a 1271.33a
B2 128.00b 256.67ab 383.00a 574.67ab 770.33ab 974.33ab 1267.00ab
B4 125.00b 247.00b 371.33a 559.67bc 756.67bc 962.33ab 1251.67ab
B6 126.00b 248.33b 371.33a 557.67¢c 752.33c 955.33b 1245.33b

W ARREERERIRTE P <0. 05 KT FAEE RS2 5.
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3.3. FRIEWRARINER BB LR

B 1 TLE Y, S A BRI R SR P AR AR A — B, SR AR 1 ORI BURIRE,
55 2 UM R BB PR, AR5 BEARYERFTE — N BARIIAKCE b o I INAEY) R b3 R B2 7RI i
B BV FE AR T BO, ¥KFEN 0.85 mg/L, BO #FEA 0.93 mg/L, HAA# T B0, B4, B6 FIIKEE 7
A4 1.23 mg/L. 1.16 mg/L. 50 8] BEAE Wa CBU N, SRR SRR EE TR N (an B 2) . R
SR A B R B MRS . B4(0.24 mg) > B6(0.23 mg) > B0(0.20 mg) > B2(0.17 mg), A& B2 4t
) A B T 5K T BO(P < 0.05), BEANEE R S B A9k B A T 13.57%, H A kb #E 44 B 2 = T BO,
SRR EAE B4 A B6 ARk it FH B2 R Al T 18.92% 1 12.64%, XS5 HRRM, IIAEMR
RE PR 7E LI LIk R, DB AEYIR BRI/ BE R IR, AR & 5 v IR 23 MG Nl (b ok o A 22
FHOCH LRI, WA L2 5 K S B B T oK, HE R T I w3 R 2, 55 [10]. K
IAE RIS AN R, PTRER = AR B R IR IA B T R RT, BT AAE R B e T 2 S N )

Wk,
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Figure 1. Concentration of total phosphorus in leachates from different treatments
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Figure 2. Amount of the cumulative total phosphorus in leachates from different treatments
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3.4, TEEMSRIN RS LMSERHE NH] - N KR

K 3 W], % AbFE NH-N FIUR B3 RISEREACE MR T, 55 DAAS[R] s 2 e 28— AMIGIR FE IR K
o EREA R IR, BO VR BE AR 24 035 i T Ho Al AR B (p < 0.05), HAETRINA AP I B, NH;-N
VR 6 2 A % NI LA P T v T T i o R 4), kR rR NH -N SR B /N B O B2 < Ba<
B6 < BO, B2 R NH;-NiEERIK. 5 BO MHLL, &AW NH;-N 1) SRS AIBEK T
29.79%. 25.29%. 14.31%. HHILHIED, HINAEYIIR B8 & FEAR 3 b NH; -N kR, (EES DBk 22 S 1 &%
FUBR/N, XA R R Dy A AR I AR R T LR, R T LR E AR, R A T
ARIEGHM L] ARBINEZ KT, FUMERRETREEZ, &S84 REL K NH] 14

Tk & .

35.00
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Figure 3. Concentration of ammonium nitrogen in leachates from different treatments
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Figure 4. Amount of the cumulative ammonium nitrogen in leachates from different treatments
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3.5. AREMIRAMERTH|NO; - N HLAIFM

W 5 FioR, fERANKTEEFE S, S4B NO,; -N IR 2 SN2 55 1 MG (5 17 R) & Hib%
%, 7E58 28 RIEF|—MEA 5 B W N2 58 2 MEME (3 33 R), M5 —HEREES . B MELRE
i, FRAGWRATR P NO, -N IR BE BB A LA b AR Pk LL I s i 3 in, - HSMIET BO, 28 63 KRS B4, B6
IREETT R T BO, 1M1 B2 4RZAKT BO. MK 6 W LLE H RISEEAL M N, Fra B InE VIR FIAL B NO; -N
WA R E AT AR INAE YR 1) BO,  H/NEIRAK N B2 < B4 < B6 < BO, B2 YR NO, -N itk & fix
fik. 5 BOAHEL, #AMRALEE NO; -N [ RAMR R B 770 FEAIK 1 13.9%. 5.4%. 2.9%. NO,-N K HH
B ANEE TR RS 23 K3 33 RAHR AR ES A AR FLRBOM I, A58 2 1) e 2 A A 48 B 1
TRAFA R BA A AR, EHIEINT NO;-N¥KEZ. B BO 4b, BRI 5 (1 /)Nl A 420 2 VS o & 114
WZ MK, FRERE R TAE IR T A RGN T LR, e T IR AR, B9 T
YER OB =E[12], $&Im 1 s NO, -N & .

16.00
14.00
12.00

10.00 -
B g0 —h—B2

6.00 —/ B4

4.00

2.00

0.00 ; . ; . . ; .

11 17 23 33 43 53 63
BfE] (d)

Figure 5. Concentration of nitrate nitrogen in leachates from different treatments
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Figure 6. Amount of the cumulative nitrate nitrogen in leachates from different treatments
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3.6. REAEIFARINER IS T KRR

TP 7 WL, TFUA I 2% A B IR SR T P A AR R PR B8 e o TR BRI, 22 )R, BO A B6 (VR AT
—riETE, B2 B4 WITRHFFIESFEAR; 43 K5, BO MR A — AT, Hofh b B4 R OR 1 P
MRHPIRAS, R FRRAE R RS . B T A BRIA] IR B2 /N 2K : B2 <B4 <BO<B6, H1)A
WINCN B2 < B4 <B6 <BO, fEUTAACIRMIELIET, B2 MREERIC. R, ERSEFBIEXDT, B8
WERE S SHSRMHER 2, BWH/NEIRIKICN B2 <B4 <B6 <B0; T 4B BB Rtk A &
BIRFEMT B0, Hr B2 M RN ERIL, Jv23.31mg. (% 8)iX Al A2 i TH b @& A RAF T
SIHPRAIEE, Wb TRRBAL, e SR RAINE S, ORISR, WS ECE L
REBEZTHNTHIR, HInLRh TR . X — 85051 5 TRIEAE AAE 5 BT 5 2 DORAE RSO AT 7L
PR B I 25 R 7]

4, &5ig
FEIRRE RN LIRSy, BEE SRR E RN, WAL S I pH . A%, 4.
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Figure 7. Concentration of total nitrogen in leachates from different treatments
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Figure 8. Amount of the cumulative total nitrogen in leachates from different treatments
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RORANE R & R IZHTH O, Mo, AR i s I B6 oK. AW Aed i LI A FE K RE
WD 3RO B R, REAE RV IS IR0, IR UZ B, (I B O LR

i A4 ¢ Bt 0 7 280/ B S ORI KDV B 2 . M 2B R A 2 kgim? (B2)IF, A, M
NH; -N AT NO; -N R TR T HoAh AR B], 3X T et th T8/ & bl i A= P ok e A A - 3
BRI E, Wb TRER SRR AL, e S RN RAINE L, RN SCE IR BRI, A
KAERBRI AL, @BV, LRGN, Rfedt 7 Ro k. Bk, #E —DaBrEYR
e P B B FLAH, 2 kg/m? 2ot B R Wb O A 3 b A Y (0t

IR BECCE FORE TRRDL, $—ETR AR, BARIAB XU, RIS A it FH O AN 2 ik 2
B, XS RAFAE A R G R A B R A FRRIE A R BL A R AL A3 T4
WRMIPEFURZ AR, 20 AT RERZ M HLIASE R o, — iRV A= 0 R Xk SR 2 10 00 P AR MEASH H 4T
MIgEe, N TIRN T R A 5T IR BRI SR B S LR AN S B S U5, 7 Bl — DT AN E AR
Jit FH 10 42 1) kB

£ E&WA
i E R AR 5% B L 100 43 (3108291 73601)

SEHk (References)

[1] SR ANRILFEEKG R, 2009 4 EErHEEM]. dbat: RE S H AR, 2010.

(21 Zeift, SOMER, SKOC%, S SN BEEML X N MG A % e Bkt TR R MAILO]. K B K TR,
2015, 26(1): 230-235.

[B]1 HHA, TR, PhMBsE. S N RIER IR s R R R[], s Aok RLE, 2009, 37(5): 94-98.

[4] Xu, G, Lv, Y, Sun,J., etal. (2012) Recent Advances in Biochar Applications in Agricultural Soils: Benefits and En-
vironmental Implications. Clean-Soil, Air, Water, 40, 1093-1098. https://doi.org/10.1002/clen.201100738

[B] i, 2RO, BOW, B AR BAER I T R A BV B s A ASEREER, 2014, 23(8): 1292-1297.

[6] 4, 5KZF, ks, . WA RGN L LIRS S EM AR MR RERIR S, 2014,
35(2): 156-161.

[7] JWHE, 0, e, & EYRIEIER RSN =N IARII]. SR, 2011, 30(11): 2483-2488.

[8] Van Zwieten, L., Kimber, S., Morris, S., et al. (2010) Effects of Biochar from Slow Pyrolysis of Papermill Waste on
Agronomic Performance and Soil Fertility. Plant and Soil, 327, 235-246. https://doi.org/10.1007/s11104-009-0050-x

[91 Lehmann, J., Gaunt, J. and Rondon, M. (2006) Biochar Sequestration in Terrestrial Ecosystems: A Review. Mitigation
and Adaptation Strategies for Global Change, 11, 403-427. https://doi.org/10.1007/s11027-005-9006-5

[10] Vander Melen, D.T., Breeuwsma, A. and Bcers, P.C.M. (1998) Agricultural Nutrient Losses to Surface Water in the
Netherlands: Impact, Strategies, and Perspective. Journal of Environmental Quality, 27, 4-11.
https://doi.org/10.2134/jeq1998.00472425002700010002x

[11] Ruser, R., Flessa, H., Russow, R., et al. (2006) Emission of N,0, N, and CO, from Soil Fertilized with Nitrate: Effect
of Compaction, Soil Moisture and Rewetting. Soil Biology & Biochemistry, 38, 263-274.
https://doi.org/10.1016/j.s0ilbio.2005.05.005

[12] Luo, Y.M., Qiao, X.L., Song, J., et al. (2003) Use of a Multi-Layer Column Device for Study on Leachability of Ni-
trate in Sludge-Amended Soils. Chemosphere, 52, 1483-1488. https://doi.org/10.1016/S0045-6535(03)00486-7

DOI: 10.12677/aep.2017.76065 517 SR AT T


https://doi.org/10.12677/aep.2017.76065
https://doi.org/10.1002/clen.201100738
https://doi.org/10.1007/s11104-009-0050-x
https://doi.org/10.1007/s11027-005-9006-5
https://doi.org/10.2134/jeq1998.00472425002700010002x
https://doi.org/10.1016/j.soilbio.2005.05.005
https://doi.org/10.1016/S0045-6535(03)00486-7

Hans )Y
KRR R KBRS

1. FTJF40M T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THFIRMEERE: [ISSN], FHIAMHTI ISSN: 2164-5485, RIATZif]
2. FTFFENM T T http://enki.net/
Ao« bR SCHREE” BEN, BN SCERRE, BIAT A

WhaiE A http://www.hanspub.org/Submission.aspx
HATIME4E: aep@hanspub.org



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:aep@hanspub.org

	Effects of Biochar on the Nitrogen and Phosphorus Nutrients and Leaching in Yellow Soil
	Abstract
	Keywords
	生物炭对黄壤养分含量及氮磷淋失的影响
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 试验材料
	2.2. 淋溶试验装置
	2.3. 试验设计
	2.4. 测定指标、方法及数据分析

	3. 结果与分析
	3.1. 不同生物炭添加量对土壤养分含量的影响
	3.2. 不同生物炭添加量对土壤淋失液体积的影响
	3.3. 不同生物炭添加量对总磷淋失的影响
	3.4. 不同生物炭添加量对土壤淋失液中的的影响
	3.5. 不同生物炭添加量对土壤淋失的影响
	3.6. 不同生物炭添加量对土壤总氮淋失的影响

	4. 结论
	基金项目
	参考文献 (References)

